The purpose of this study was to establish a prediction rule for severe illness in adult patients hospitalized with pandemic influenza A (H1N1) 2009. At the time of initial presentation, the baseline characteristics of those with severe illness (i.e. , admission to intensive care unit, mechanical ventilation, or death) were compared to those of patients with non-severe illnesses. A total of 709 adults hospitalized with pandemic influenza A (H1N1) 2009 were included: 75 severe and 634 non-severe cases. The multivariate analysis demonstrated that altered mental status, hypoxia (PaO2/FiO2 ≤ 250), bilateral lung infiltration, and old age (≥ 65 yr) were independent risk factors for severe cases (all P < 0.001). The area under the ROC curve (0.834 [95% CI, 0.778-0.890]) of the number of risk factors were not significantly different with that of APACHE II score (0.840 [95% CI, 0.790-0.891]) (P = 0.496). The presence of ≥ 2 risk factors had a higher sensitivity, specificity, positive predictive value and negative predictive value than an APACHE II score of ≥ 13. As a prediction rule, the presence of ≥ 2 these risk factors is a powerful and easy-to-use predictor of the severity in adult patients hospitalized with pandemic influenza A (H1N1) 2009.
INTRODUCTION
While most pandemic influenza A (H1N1) 2009 infections were mild or subclinical, early reports suggested that clinical courses of pandemic influenza A (H1N1) 2009 were somewhat different from that of seasonal influenza (1, 2) . Although individuals with comorbid conditions were at high risk, small subsets of previously healthy people developed rapidly progressive disease. In severe cases, patients generally began to deteriorate 3-5 days after the onset of symptom, with rapid progression to respiratory failure within 24 hr. Most of these required immediate life support with mechanical ventilation, renal replacement therapy, or extracorporeal membrane oxygenation.
Although most studies have evaluated risk factors for mortality (3) (4) (5) , a few have focused on those associated with severe pandemic influenza A (H1N1) 2009 (6, 7) . From the viewpoint of clinical practice, knowledge on risk factors for the severity including the mortality and the prediction of severe cases is more crucial for decisions regarding hospitalization, treatment, or intensive care of these patients. Therefore, we evaluated the baseline characteristics of adult patients hospitalized with pandemic influenza A (H1N1) 2009 to identify risk factors associated with severity. Eventually, a rule comprising these risk factors was established to predict the severity of illness in adult patients hospitalized with pandemic influenza A (H1N1) 2009.
MATERIALS AND METHODS

Patients
This study was conducted at 17 teaching hospitals in Korea: Kangwon National University Hospital, Chuncheon; Gyeongsang National University Hospital, Jinju; Kwandong University Myongji Hospital, Goyang; Dongguk University Ilsan Hospital, Goyang; Boramae Medical Center, Seoul; Seoul National University Bundang Hospital, Seongnam; Seoul National University Hospital, Seoul; Pusan National University Yangsan Hospital, Yangsan; Wonju Christian Hospital, Wonju; Yeungnam University Medical Center, Daegu; Wonkwang University Hospital, Iksan; Inje University Sanggye-Paik Hospital, Seoul; Inje University Ilsan-Paik Hospital, Goyang; National Health Insurance Corporation Ilsan Hospital, Goyang; Chunbuk National University Hospital, Jeonju; Cheongju St. Mary's Hospital, Cheongju; and Kangbuk Samsung Hospital, Seoul.
All adult patients hospitalized with the laboratory-confirmed, pandemic influenza A (H1N1) 2009 from September 1, 2009 to February 28, 2010 were included in the study. Laboratory-confirmed cases were defined as the presence of influenza-like illness with pandemic influenza A (H1N1) virus infection confirmed by real-time or multiplex reverse-transcriptase polymerase chain reaction assays. Patients younger than 18 yr were excluded.
Data collection and definitions
Demographic, clinical, laboratory and radiographic data were collected from all patients. Obesity was defined as a body mass index (BMI) of more than 25 kg/m 2 . Comorbid conditions included chronic lung diseases (chronic obstructive pulmonary disease, asthma, pneumoconiosis, or bronchopulmonary dysplasia), cardiovascular diseases (congestive heart failure, ischemic heart disease, or cyanotic congenital heart disease), cerebrovascular diseases (stroke or cerebral hemorrhage), malignancy, immunosuppression (HIV infection, asplenia or hyposplenia, transplantation, anticancer chemotherapy, corticosteroid, or other immunosuppressants), diabetes mellitus, chronic renal diseases (nephrotic syndrome or chronic renal failure), chronic liver diseases (liver cirrhosis or chronic active hepatitis), and neurocognitive diseases (mental retardation, dementia, or seizure).
To identify risk factor(s) associated with severe pandemic influenza A (H1N1) 2009 at the time of initial presentation, we compared the baseline characteristics of patients with severe illness to those of patients with non-severe illness. Severe cases were defined as those who had been admitted to intensive care unit (ICU), mechanically ventilated, or died of influenza itself or related complications; other cases were considered to have a non-severe illness. Clinical or laboratory parameters derived from Pneumonia Severity Index (PSI) for community-acquired pneumonia or the diagnostic criteria for sepsis or severe sepsis were used in part to evaluate the baseline characteristics of patients (8, 9) . The presence of the following complications due to infection was also determined: pneumonia (defined as new or progressive infiltrate(s) on chest radiography), acute respiratory distress syndrome (PaO2/FiO2 ≤ 200 in the presence of bilateral alveolar infiltrates in chest radiography), septic shock (systolic blood pressure < 90 mm Hg despite adequate fluid resuscitation), acute renal failure (serum creatinine ≥ 2.0 mg/dL without previous renal disease), rhabdomyolysis (profound muscle weakness and tenderness, brown-colored urine, and CPK ≥ 5 times the upper normal limit), and exacerbation of underlying diseases (worsening of the patient's condition such that additional treatment is required).
Statistical analysis
A Pearson's chi-square or Fisher's exact test was used for categorical variables, and the Student's t-test was used for continuous variables. A multivariate logistic regression analysis using baseline characteristics seen only at the time of initial presentation was performed to identify risk factors associated with severe pandemic influenza A (H1N1). A level of significance of less than 0.10 was required for inclusion and greater than 0.05 meant exclusion. The goodness-of-fit for this regression model was verified by the Hosmer-Lemeshow test (10) .
As a prediction rule for severe pandemic influenza A (H1N1), both the number of risk factors, derived from the logistic regression model, and the Acute Physiology and Chronic Health Evaluation (APACHE) II score were calculated for each patient. To validate their discriminatory power, the sensitivity and specificity of the risk factors were compared to those of the APACHE II score by means of the receiver operating characteristic (ROC) curves (11) . We also determined their cut-points defining severe pandemic influenza A (H1N1) to maximize the sum of sensitivity and specificity. A two-tailed P < 0.05 was considered to be statistically significant for all analyses. IBM SPSS Statistics 18 (SPSS Inc., Chicago, IL, USA) and dBSTAT for Windows version 5.0 (dBSTAT, Seoul, Korea) were used.
Ethics statement
This study protocol was approved by the institutional review board (IRB) of Kangwon National University Hospital (IRB approval number: 09-22). Informed consent was waived in this study by the board.
RESULTS
A total of 709 adult patients hospitalized with the laboratoryconfirmed, pandemic influenza A (H1N1) 2009 were included in the study. There were 280 (39.5%) males and 429 (60.5%) females, and the median age was 50 yr (interquartile range [IQR], 31-66 yr). A total of 75 (10.6%) patients had severe illness: 23 were admitted to ICU but not ventilated, 35 were mechanically ventilated in the ICU, 5 were mechanically ventilated in emergency departments or general wards, and 12 died without either admission to ICU or mechanical ventilation.
Baseline characteristics of severe pandemic influenza A (H1N1)
The demographic, clinical, laboratory and radiographic findings of patients at the time of initial presentation are summarized in Table 1 . The median age of severe cases was higher than that of non-severe cases (65 yr [IQR, 50-75 yr] vs 49 yr [IQR, 30-63 yr]; P < 0.001). The proportions of males and nursing home residents were also higher in severe cases (P = 0.01 and 0.002, respectively). Of the total, 367 (52.1%) had one or more comorbidities: 62 (82.7%) severe cases vs 305 (48.1%) non-severe cases (P < 0.001). Chronic lung disease (21.7%) was the most common comorbidity, followed by diabetes mellitus (13.6%), cardiovascular disease (9.4%), malignancy (9.4%), immunosuppression (8.4%), chronic liver disease (5.5%), and chronic renal diseases (5.0%). Of these, chronic lung disease, cardiovascular disease, and immunosuppression were more frequently observed in severe cases than in non-severe cases (P < 0.001, < 0.001, and 0.011, respectively). However, there were no significant differences in the proportions of pregnancy and obesity between severe and non-severe cases (P = 0.11 and 0.499, respectively).
While fever was the most common symptom (78.3%) at initial presentation, it was less frequent in severe than in non-severe cases (65.3% vs 79.8%; P = 0.004). On the contrary, dyspnea, purulent sputum, altered mental status, and cyanosis were more frequent in severe than in non-severe cases (P < 0.001, 0.018, < 0.001, and < 0.001, respectively). However, the median interval from symptom onset to initial presentation in severe cases was not significantly different than that in non-severe cases (2 days [IQR, 1-4 days] vs 2 days [IQR, 1-4 days]; P = 0.619). With respect to initial laboratory findings, anemia (hematocrit < 30%), azotemia (BUN ≥ 30 mg/dL), hyperglycemia (serum glucose ≥ 250 mg/dL), hyponatremia (serum sodium < 130 mEq/L), acidosis 
Clinical course of severe pandemic influenza A (H1N1)
The clinical courses of patients with pandemic influenza A (H1N1) are outlined in Table 2 . Of the total, 692 (97.6%) patients were treated with one or more antiviral agents: 670 (94.5%) with oseltamivir, 19 (2.7%) with zanamivir, 1 (0.1%) with peramivir, and 2 (0.3%) with a combination of oseltamivir, amantadine, and ribavirin. There was no significant difference in antiviral regimens between severe and non-severe cases (P = 0.362). The median interval from symptom onset to initiation of antiviral therapy in the 692 treated cases was 2 days (IQR, 1-3 days); there was no significant difference between severe and non-severe ) non-severe cases (P < 0.001). Pneumonia (37.0%) was the most common complication, followed by exacerbation of underlying lung disease (8.3%), acute respiratory distress syndrome (3.9%), acute renal failure (2.4%), septic shock (1.8%), and exacerbation of underlying heart disease (1.8%).
A total of 37 severe cases died during hospitalization (in-hospital case-fatality rate, 5.2%), and nine (24.3%) of these died within 3 days of initial presentation. The median age of fatal cases was 68 yr (IQR 59-79 yr), which was higher than that of non-fatal cases (49 yr, [IQR 30-64 yr]; P < 0.001). Of the 37 fatalities, only three (8.1%) were under 65 yr of age and none had underlying comorbidities. There was no significant difference in the median interval from symptom onset to initiation of antiviral agent(s) between fatal and non-fatal cases (1 day, IQR 0-4 days) vs 2 days (IQR 1-3 days; P = 0.918). Either influenza itself or pneumonia (40.5%) was the most common cause of in-hospital death, followed by exacerbation of underlying lung disease (13.5%), exacerbation of underlying heart disease (10.8%), exacerbation of other underlying disease (18.9%), nosocomial infection (5.4%), and unknown causes (10.8%). 
Risk factors and the prediction of severe pandemic influenza A (H1N1) 2009
In the multivariate logistic regression model using baseline characteristics seen only at the time of initial presentation, altered mental status, hypoxia (PaO2/FiO2 ≤ 250), bilateral lung infiltration, and old age (≥ 65 yr) were independent risk factors associated with severe pandemic influenza A (H1N1) (all P < 0.001; Table 3 ). The Hosmer-Lemeshow test did not show statistical significance (P = 0.88), indicating the goodness of fit of this logistic regression model. The median number of risk factors in severe cases was higher than that in non-severe cases (2, IQR 1-3, vs 0, IQR 0-1) (P < 0.001). The median APACHE II score was also higher in severe cases than in non-severe cases (17, IQR 10-22, vs 6, 3-11) (P < 0.001). Both the number of risk factors and APACHE II scores were significantly correlated with patient age (Pearson's correlation coefficients > 0.5; all P < 0.001). The ROC curve for the number of risk factors, which were derived from the logistic regression model, was compared to that for the APACHE II scores (Fig. 1) . The areas under the ROC curves were 0.834 (95% confidence interval [CI], 0.778-0.890) for the number of risk factors and 0.840 (95% CI, 0.790-0.891) for APACHE II score, but there was no significant difference between both areas under the ROC curves (P = 0.496). When the cut-points were determined to maximize the sum of the sensitivity and specificity by means of the ROC curves, they were 2 for the number of risk factors and 13 for the APACHE II score ( Table 4) . As a prediction rule for severe pandemic influenza A (H1N1) 2009, the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of the number of risk factors ≥ 2 were all higher than those of the APACHE II score ≥ 13.
DISCUSSION
During an influenza A (H1N1) 2009 pandemic, the determination of the severity of illness played an important role in early detection and proper management of severe cases and, eventually, improvement of clinical outcome. Although many studies about risk factors for death in patients with pandemic influenza A (H1N1) 2009 has been published, no prediction rule for the severe case has yet been established. In this study, the number of risk factors (i.e., altered mental status, hypoxia, bilateral lung infiltration, and old age) as a prediction rule seems to be adequate for the detection of severe cases among adult patients hospitalized with pandemic influenza A (H1N1) 2009. While APACHE II has been widely used to measure the severity of illness in critically ill patients, its application to all patients with pandemic influenza A (H1N1) can be limited in clinical practice because of the complexity of its parameters. When the cutpoints were determined to maximize the sum of the sensitivity and specificity, the area under the ROC curve of the number of risk factors was comparable with that of the APACHE II score. More precisely, the presence of ≥ 2 risk factors had a higher sensitivity, specificity, PPV, and NPV than an APACHE II score ≥ 13. Therefore, we think that the presence of ≥ 2 risk factors is a more useful predictor for severe pandemic influenza A (H1N1) 2009, especially during a pandemic when the burden of care for the patients is too heavy for the physicians.
This study also highlights several clinical features observed in adult patients hospitalized with severe pandemic influenza A (H1N1) 2009 infection. Early case reports indicated that the infection in previously healthy young individuals might often be associated with serious complications or death (4, 12) . Most of the serious illnesses occurred among children and young adults, and approximately 90% of deaths were observed in those < 65 yr of age. However, the overall case fatality rate among hospitalized patients appeared to be highest among those ≥ 50 yr of age. In this study, which included only adult patients hospitalized with pandemic influenza A (H1N1) 2009, there was a tendency for the severity of illness to increase with patient age. Most deaths occurred in patients who were ≥ 65 yr of age or had one or more comorbidities, but the only death attributed directly to influenza occurred in a previously healthy young individual. Although determination of the true case-fatality rate of pandemic influenza A (H1N1) 2009 is particularly challenging, it is thought to be less than 0.5%, with a broad range of estimates (13, 14) . In a surveillance data (15), a total of 740,835 patients were reported to be infected with pandemic influenza A (H1N1) 2009 and 225 of them were reported to have died during 2009-2010 influenza season. The incidence was calculated as 1,493 per 100,000 population and the case fatality rate was 30 per 100,000 cases. In an early report (16) that included 272 patients hospitalized with pandemic influenza A (H1N1) 2009, the in-hospital case-fatali- ty rate was -7%; it was -5% in the present study. Previous studies have suggested that pregnant women are at increased risk for complication and death from pandemic influenza A (H1N1) infection, and that this risk is highest in the third trimester (17) (18) (19) . In a cohort study (20) , however, there was no death among 211 pregnant women, suggesting that the prevention of disease progression with early treatment might account for the cohort of mild cases. In the present study, pregnancy itself was not significantly associated with complications (spontaneous abortion, preterm labor, or fetal distress), the severity of illness, or death. This may be attributable to the small number of pregnant women as well as the early treatment with antiviral agent(s) in this study.
Several studies have suggested that fever is one of the most common symptoms (> 80%) at initial presentation (12, 21) . In this study, approximately 80% of all hospitalized patients presented initially with fever; however, more than one-third of patients with severe illness had no fever at initial presentation, regardless of use of antipyretic agent(s). This finding suggests that pandemic influenza A (H1N1) 2009 should not be excluded in patients with severe influenza-like illness, even if they have neither fever nor a history of fever. Furthermore, a confirmatory test for pandemic influenza A (H1N1) 2009 may be necessary in such patients.
In recent studies (6, 7, 21) , the presence of one or more comorbidities was found to be associated with both admission to ICU and death in patients with pandemic influenza A (H1N1) 2009. Comorbidities associated with complications of seasonal influenza are also risk factors for complications related to this virus. Although chronic lung disease, cardiovascular disease, and immunosuppression were more frequently detected in severe than in non-severe cases in the bivariate analysis of this study, they were not found to be independent risk factors for severe illness in the multivariate logistic regression analysis. Instead, the multivariate logistic regression analysis demonstrated that altered mental status, hypoxia, bilateral lung infiltration, and old age were independent risk factors for severe illness in adult patients hospitalized with pandemic influenza A (H1N1) 2009.
The use of neuraminidase inhibitor within 48 hr of symptom onset may reduce the risk of progression to severe illness or death (16, 21, 22) . In an early report (23) , the use of neuraminidase inhibitor even 48 hr after symptom onset was associated with reduced rates of death. In this study, however, more than 70% of infected patients received neuraminidase inhibitor within 48 hr after symptom onset, so that their clinical outcome was not related with the timing of antiviral administration.
The strengths of this study include it being a nationwide multicenter study with a large number of laboratory-confirmed cases, relatively little missing data, careful control of confounding factors in the analyses, and the establishment of a prediction rule for severe pandemic influenza A (H1N1) 2009 with large sample size (e.g., the number of events per each variable ≥ 40). This study has several limitations. Because only adult patients hospitalized with pandemic influenza A (H1N1) 2009 were included in this study, the derived prediction rule cannot be applied to estimate the severity of illness in children or adult outpatients. In addition, final outcome was measured as in-hospital mortality because many of the patients were lost to follow-up. Finally, a prediction rule derived from this study need be externally validated in other larger-scaled studies for testing accuracy and generalizability and studying the clinical impact of a rule on physician's behavior and patient's outcome (24) .
In summary, although clinical features of adult patients hospitalized with pandemic influenza A (H1N1) 2009 can be diverse, altered mental status, hypoxia, bilateral lung infiltration, and old age are independent risk factors for severe illness. As a prediction rule, furthermore, the presence of ≥ 2 of these risk factors can be used to determine the likely severity of illness.
